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OHjA ^GROUND OF TliE INVEWION 

V/ il F, = ,d of 'he Invention 
^-~» The invention r»iai« _ . 

which an »=oi. ° •" «PP~.o» 

denotes a nit 'ave- in ,h , recording layer here 

formation o Tt. Vic I" 3 ''- ° Pt ' C3 ' COns ^<- » 
formed bv a conve^ L^r"' ° f the is 

optica! disc j, irne^X ^^ eCOrd,nSd " sit >' ofth = 
of the eonv e -."l* 2, ,0 reduc;; a »P<" diame:» D 
«™ng <he Sp ^~=t D a" " f ° ilOWi ^ ".'ation 
^-..g.n a ot the laser oeam. 
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Cin b- e«cvte* S d " S!t >' recording 

^^nv^ ST"' • « 

of the disc call-- ^ 10 an ,nc!i ™ion error 

aberration tz-Z^ V™^\**™^> a coma 
among a wSSi"" 8 " relation 
a^Sle = and Na Zh i ^ 7Tat:on ^cof the coma, a tilt 
*i ^^^^^ d ^ ■ refrac-' 

, * aocrra£:on increases Ft u,;n i 
Hie equation (2). hov^v": h t lh Undcrsio ^ from 
suppress the ^m, ' lhcrc ,s <=*Tec: to 

oHhe dLc* „£r.t- SS. 1 ;?" T™ 5 th = thj ' Cl — d 

substrate S ^ * eorra P° n ^S '° the thin disc 
"blc that the conventional op(i cai disc of a :4k 
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Howivr • C , fC30urc « can be utilized. 

ro Z <\ ? c opt,caJ hcad which hM ^ d « ! 8"=d 

■ I ^Lfc S . U ^ tratc "^Ol be used for an optical disc of 
h rr J, ™W be described 

beer i deigned so u to set off a spherical aberration 
d£?u££2 S n" ,he ,«»^«- b— passes in 

•«orrf. -f , " SUCh " • be -T»»'on « corrected in 
accordance w„|, , le thickncS5 ofthc j^,,,,^ 

to C ^'° n " " 0t Performed for 

the converged bean, which passes through the diL 
suostrate havmg a thickness different froaf U,c dcslw 
value. The above point will now be «pl,£ed 

the ; occ„ „ f lhe ;^ t ;.;; or 

stratcs having difTere.nt thickness FiG ISA ' ^ 
«™» rf to thc — 0^ using an obj«ti vc te "t h i c "h h« 
been deseed for a thin disc substrate and show straS 

fhr 3 u 'C \* Ute Which * ^ been convened 

through the d.sc substrate having th- ua- thick n«f 

e^^i^"! .rr.r € o? or ughi5 

point 0 0 „ the recording f. c^TfSI.'S ST 
d« S r*m ,n the case of using an objective lens which has 

frlC. HA ana shows traces of lights in a state in which 
the beaun has been convert fhrru-h r«,. ^- " wnicn 
having a thickness wh £h'i Sk£ a,?*™?™ 
value. In FIG. 1 8B . th= Iighu ^ ^ «™ 

ve *.d to a pouu O* on the recording laver sur^ce 
vl°:;; C ;- L h %" Sht ,OC3li;, 5 nc- the o plica/ a^sT= on ; 

aoerratior.. VM, enev ., „,„ tenn -ah«rr,i.„..« 

js used hereinafter it „ ^ ,. s , nheri ,, ;! | ^ r „,;„„ 

When such an aberration occurs 
the objective ] e ns cannot converge the lieht beam un-ii 
wnat ,s called a diffraction lir=it. Therefore. in t £ ™ 
of us-ng h e oojective | eas whose aberration has bee-, 

~nnn, ^ 3 ^ lufcs! - a "- ™ information signa 

cannot be recorded, reproduced, or erased onto/from 
ar. opt.cal d.sc having . thic k dis= subslri;= s; °.. r ™ 
m .he case of using the objective leas whese aberration 
nas been corrected for a thick disc substrate, an infor- 
mation signal cannot be recorded, reproduced or 

Z^LT 0/hQm an opticai disc havbs a thin 'i« 

SUMMARY OF THE INVENTION 
In consideration of the above drawbacks, it is an 
object ot the invention to provide in optica! disc a— a 

signals onto/from a plurality cf optical discs in which 
tnjcuness^s of disc substrates are duTcrent 

To accomplish the above object, according to the 
mention there is provided an optical disc apparatus 
for recording, reproducing, or erasing information sig- 
oais onto/froa an optical disc by converging i is * t 
n«cs onto a recording layer through a transparent disc 
substrate, comprising: N converging means whose aber- 
rauons have been corrected for N (N g 2) disc substrates 
havmg d.fTersnt thicknesses, respectively; disc discrimi- 
natwg meacs for discritai.iatir.g the thickness of the disc 
substrate of the optical disc which has been loaded and 
ror gencratmg a discrimination signa! according to the 
result of the discric-Jnation; and control means for se- 
lecting one of the converging means in which the oc- 
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ZZu^VJl' a . bcrra,io " d "<= 'O th= disc substrate is 
smaJIcst m accordance w„„ the discrimination signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a constructional diagram of an onticaj disc 
FIG. 2 is a plan vf cw showing an arrans-me-u or a 

of thc opticaj d;sc <"= 

of ™ S ' 3 , A ««! 38 perspective views of cartridges 
of optical discs «, the first embodiment; 8 

cros si-ins^th 8 *' • di3 ^ «how ing 

.»£.,«.. MnstrJCt,on aJ <H»S™m of an ootical disc 
bvention; 1CC ° r0U, S to the *""d embodiment of £ 

hid?-™* 1 dsai L Cd con «™ c " : onal diagram of optical 
Heads in the second embodiment- 

FIG. 7 is a constructional diagram or an optical disc 
Mention: f ° ^ <=**™'* of £ 

ooS'. 8 L $ - a 1. etai,ed c »"'™«ionaJ diagram of an 
optical head in the third embodiment- 

tram nf f A '.V" 3 dcU! '= d constructional dia- 
gram of an optical head of an optical disc a«oa-a-us 
.accordtng t0 the founh emboclr^t of the inSc" 

vSin " ! SUCS;rale !hi =«« 3 « «e different and ccn 
R, a 0> ' " n V "S=n=e grating couplers which 
^t^d m correspondence to the optical 
discs accordinr 'o the fidi. — opucai 
FIG II i< , «!-! =rncod.ment. respectively; 

con^J a .* c,,ea, f» c Perspective view showing a 
construction ot a.-, optical head of an optical dis- aoca 
«tus in the fifth embodiment; PF 

coS,?;.! 2 iS » ,che:n ? tic Perspective view showing a 
construction of an optical head of an optical disc ant 

"J"; 3CCOfding : ° ,he embodiment of th"i„v P e P :: 

an!?' 13 !S a . Sch::na!ic Perspective view showier a 
construction of an optical head of an optical diL «« 

v C ntU; = ° r - in3 — h °"h" £ 

th- F oSii a Vrf" biCCk di3gra:n Sh ° WinS 3 """^on cf 

an onti' c 3 f H- CK d,3Sra!71 Sh0wiR 2 3 ""'ruction cf 
an optical disc apparatus according to the ei-'-h 
bodiment of the invention- 6 e ~" 

shoUS, 1 , 6 ^ S Schematic " ,a ^d Perspective view 
Showmg a convergence grating coupler of an cpticai 

f.« aco^f ,r "» , y c «. »«d « Portion in which su^ 

«^oSs;r wav;5 h3ve ^ fonaed » thi 

Dri "?-, 17 r 3 chs -*«-en«ic diagram for eaplafcfca th- 

viewf S s 138 " fs side e! = va::o„a< 

to diL «.° h W,nS ""r*™* of aberrations due 

to dtsc substrates .-.av.ng different thiclwesses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

inb^w^T" °'' iht inVenl! '° n WiiI ^ dcscrii =<d here- 
mbclow on the as 5; ;m P t:on that thicknesse, of disc sub- 
strates arc se: to two IcLids cf thicknesses 

FIG. I is a const.-jctiona! diagram of an optical disc 
apparatus tn the firs: embodiment of thc invention FIG 
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2 is a plan view showing ,~ 

scction <"■ tie embodiment Fra^f 3 !? « f 3 fflain 

-i"Si^^£ 1 d <- 

subjtrates of both of the 2ff w Th}C,a,esj « oTdise 
are different. Refe-enc- jfc d ,T ^ 0pt,CaJ discs 
which encloses the oprt/aTdisc 1 /"J" 6 * 3 
cartridge 1 is m ^ c J ^ ° 1 « d Protects. The 
numeral 3 deaot-s a fir-/! - it Reference 
~=ond opS held S£?K d ^ 5 bdic3t « » 
-,-cted h P y a eca^^p^?^"* * «- 
oojecnvc leas- a <^~- , 5ys ^^ imposing: an 
"O « beam , pli £V* ^ ' hot ° 

^ nents are not S hc^fc; 1° * e «-PO- 

^ ^ an information sinaJ ft frJ ? ^ hud de:ecls 

\ c¥ trac^g error »S Xc wSU^' ^ ttd 3 

\J optical disc 1 on lie b£ ris- of '• recori8d OD the 

distribution of the T ntl." 3 ^,^ or « "tensity 

ated onto the optWdE 1 ar'"-' 1 bcun "ac- 

tion signal to the ouJde a-" * ?t ° £ ° dc:e =" 

corded onto or e-ased/'Vn- - lC,cn::3t:0R signal is re- 
J«ing an intend o 1 e^-^'^/ b - v 
hcads have bases' tc htlrfT^' 3001 ° f ths °P t; «i 

error signal, and a C sr,aI ' a focusing 

erated from the pho£d^~3- ' r 1X0 »«>- 

3 are expressed bv F ~T-- V" >WSl - 0?t:cai bead 
signals which irz'z±~- 3 ','.Tr ; ' r " ? " ::v:i >'- Similar 
the second optical |« sT.J'^^ ' pn ° C0 ds!s «°r of 

firs: linear motor ^chTaPx^-^? 1 4 deso,es a 
disc 1 and mov« I- r^o-'^'^" ^ W °P ticaJ 
direction of the difcir ? V a " d 3 « ths r ^-'ai 
Reference no»e^ 6 m de ^%^ 
which is arranged!^ 1^ d »ctor 
the firs: linear n.</~^and 1"° 1 M 15 80 facc 



H As » fig. 2 , the s^;:?;,-^ head f. 



" J saown in FIG. 2 the s r r " u J ' 

extended until th- f— -1," W£ar nct( =r « is 

"Pherai portion oV^ptST'diwi t ^ 1 ° U: r-~ 0 « P- 
th= second optical h=i- ;,cv«t u Tnc:s:c ^ when 
the opdcai head 5 is n^Z-^S .-!!^ 0 ' he , ou te- C st side, 
the optical disc. Re:V--« ™- j!^ , J iow =r s-crtace of 
inauon hole fonned ~- ^. ^Z-,T 7 r d « 30t « » dJscrin,- 

scribed wi« h rffe.^r.J^f,"' w ».' no* be de- 
crimination hole 7 ^T 0 J ^ C 3B - Tne dis " 
disc 1 = nc!oscd ^ t Ve ^^V^T " h= -' ; optic! 
shown in FIG. 3 A a=-< •« -nZ 5 " " ih: firs: opecai disc 

-ood optical d^no-UrS f/g 3 TR^ erS «'* " * B 
EeraJ 23 denotes a s!'-- s^-u--- V ; . R « s «=ce nu- 
acpara^s cf the sab.^-';. u~". ^ M ths , 0 ?-'»-' disc 
slide shurters are p t V-.^ ^Z°l pUCal avtis - ^ 
rraoved from the oct'^iX-. ^"^'ses are 

ters are c:«^ to or- VZH - B -. a PP«--«w. the slide shut- 

Reference numeral 3 denotes a U-^ ^ dU$lS ' 
(hercuuftcr. abbreviate- tc «t-D) wL'?^ 5 dlCC ' C 
» as to be located ov : - r u. ^J^Zi .^l u , ™S=d 
tile cartridge 2 has b*-- T?„ ^ ' Cr * bo,e 7 w hen 
apparatus of ^ "r^^ R ^ "pdcaJ disc 
denotes a P hoto diode arrang-w „ 9 
face the LED 8 throush ^hf'car— ^ ^ W 35 tC 
f'Cd= 9 5=n =r 3t=s 3d e:e? on si "5"- t . ' ^ ph ° ( ° 

numeral 10 denotes a firs: selector for '2" 
-o.hefirs^o.p of photo de=ec^^; 





Zlttt[™ ZZltV *° .roup 
°P««I head 5 ; *" d T 2 ) of the selond 

Referent numeral Sd^T 8 ,he signals 
^ch rcceive3 , * ; a ^ n °'« * <»cki„ g con.ro/ 

^"S the o««p„ l^E'JT?"" 1 T '°'T 2 froi 
generates a t raciin ° f f .'^ fi ™ Sector 10 and 
Rector 12. which 7 Wg S '* na ' <° a scco^ 

<«er. reference nume^ n rf " P ' a,ncd hereinlater. ^ 
<° -elect either „ $™« "* ^ «l«£or 

«n actuator of the c ftnt Optical head 3 

Pj'ed Reference numeVlJ d ~ "tf"' « sup- 
£=uu wnich receive 1 fS*? 3 ^'"3 eo«r?l 
£ from a mong th = sigIla f s r ~£' n * =™r signal p or 
first selector 10 Md Acr.,, r gCaeral ed from 

P'a.ned hereinlwer. Furthe ' Wh ' Ch wi " «* e«- 

noies the third selc-ior fl, . " Saee nume ' a < 14 de- 
«* first op,i5 h2 3 or t h C=t " g th = 
optica] head 5 as a ' aC: ' Ja!or of ««e second 

-uator drivin «* f ^ 

IS f denotes a linear motor c-ntrofr 1 R=fercn =e numeral 
a dnv,„g signai (0 a f ££™*«™>< which su Pp f ies 
explained hereinJater by /! , ■ ' wa,ch wi " ^ 
P'«ed from the iy, te „; S^"" , ™',«S«»' «*ich is SUp . 
*enbed herein later. R-f e ° .-e" ' Wfcich ~ de- 

founh Sector to seiect eit^h^r-' 3 ,' " dcn ° ( = s 
'he second linear motor S as Vn n ' !,n ^ f mot ° r * °r 
d "-ng sig^a, JU pp, ied f"*" 0 " 1 ?"' d =^nation of the 
15. Reference nu ;= r Ti "V"^ fflO,0r « nt '°< 
rol ctrcui, which receives Vc r "^ * Spir,d!e co °- 
^S"' 1 S, or S : and gen e £V^ r0dUC,ion in '^a- 
«p.ndle motor 18. wj.icf^,"^"™ =-re.,t to a 
•Reference nurne-al is j e.Tpiaj ned herciniate- 

;ou, c thc0p ,^^^eno ? thc , F . adIe ^ 

« processing circuit for ~ """^ 19 d =™tes 

?«n as demodulaL and/°r d :^' ,R5 P"**** 
»?« "gnal S,or S,. f or con'-- S ° r the iik = ! ° 
° r 'he like, or for outp«t?n B .'C " ? W an audi ° *«gnal 
'==orded onto the opS ! dNo \ :mor: """°« i^.l .-foe 
20. which wii, I exo/f * a " LD driv '"? ci^ 

numeral 20 denotes the L n h . here iaia«cr. Referenc- 
driving current to ^£<,?? w *«^ «o , upp ,v C ; 

the se^iconduc oMafe s of ^ '° e ^ 
to a fifth °f .both of the 0ptica , 

hereiniater. Referenc- ^[J ^^' C '' 1 ^ wplair-d 
»««or to switch ^h= C V r dJ ; dMOt « th = - 

^Ode , and : f ai fro. the^ 

ST*" ,0 - «. i«. «d « ^^f.;^^ e *■-» : ° fifth 

frl A - For 'stance, assumin-^h , -t'' U ,haw " 
-hown ln FIG. 4A is a CD J i ^ !hc c ? : '«' disc 
°P"«i disc is an opticaJ dtw.h;;^^- 1 *«" d 

n can execut; a r= . 
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cording at a higher density than t u . , 
disc „d a thickness of ied^^' 0f (hc **t optical 
shown in FIG. 48. To £ ** u 

converged spot due to a til, e £, r h ! ST"" 0 " ° r ,he 
second optica] disc f. d «; ' ? ' ""ckness d 2 of the 
d>. For eLnpl! ? » oTl" * * ,0 ^ than 
inc first optical head i u_ r • 

leas Of an N A of 0.4 J so T ""l*" ob Jc=tive 

converged to a spo , diamete- A r be " m C " be 
•dditioo. M opdc^esl " '^L * h °. f l6oUl 21 Mm. In 
<nad= so as :c l corrtT S r l ^ ° bjCC "" c ,cns h « been 
««i e ofthetw££T d , £, "S" by the disc sub . 
for instance, the S 1, 6 !r 0nd °P ticaJ *«d 5 has, 
first optical held^Td ^^ h COndUCt r lWT " of the 

diameter of J ■> a^Z r converged until a s 

objective , eni ° f *e 

-o- by Ae disc .-bs^l^^ 

be described hertlSot m "»°°=* above wilj 00w 

F"*st. the ca^e whrr^ ft 
second optica] disc h« 6=1^-" intoV^'' 0 ^ 5 th= 
apparatus of the -mbr^-, "."J ° " c opt,caJ 
the canrid- -> r^rr™"" Wul °* described. Wi- 
the phofee^el^h ' H * h ' «< 
transmission K 3ht ^ J ^««e or absence of . 
Hon nole 7. As air-aWv h - -^o-*- the discrjnina- 
FIGS. 3A and 2E stic-X^ ?°"i«"c:icn with 
open in the c«e of tl " icSfrf " m " ,tion h °'= 7 is 
diode 9 detects ■»?- „„ ■ ° P " C3! disc - ,hc P"°<° 
de^ticn sign* J th '^f ' 
dctermicrs that rfl<- , , — ^ controller 22 
second 0 P ti« di^ ^thal ,V° adeCi etnrid « s 2 » «" 
control signals I0 £ Zulr^ ST* 1 " 2 * 

optical head side fC' ThV^^* C " th = 
»«»nd optical head Us * e^T^^ '««■ of *e 
"en of the drivin- - ur l * ■ , 8n ou[ P ut destina- 
LD driving c£cL"-%0 tT '^ C! y S SUpp ' ied frc ° «he 
optical he/d 5 is se'^IJ ° f th = ^="d 
««cking control c'--^ i, r" ^ d=stina ^n of the 
^Pir.dle control =^17 T^ S . C ° ntroi c ^' jit 
19. The ac-.uaior ? S ' ?niJ P rcc «sing cL-cuit 

Of .he tracing con S^Jf ^ 
circuit 13. The ^ r d foc,J sing control 

output -»«in.,ioro'r1, e TnvS , r^ " 
motor control circ-Jt 15. cu "=-^ of the Iwcaj- 



th= opc^^v 4ho«" ,0 J n 2r R= ? ,ion trackon 

Ugha frc= • -S " h "f/"e:ec a the reHecred 

VJ " :o the :«pecti: S^ttf 

supplied to the sci-dl^ rr^. r \ ■ ^ S - » 
processing c^K^^^ 1 11 ^ S, '^ al 
focusing control circ,,^ ^5^^ '° 
the tracki-r can— • 1 7 • . f Tl a su PP'ied to 

circuit Up7oSc- '.Z^. 11 - TllC trackin S control 
in accord^ ^t ^^T d ^ 
actuator cf the se^A" f "f J 2 ^ u UpP ' !cS t0 tfj e 
ond selector P^T, * P h=3d 5 J^rough the sec 

circuit 13 ^ f e , ^ • thC fW,Jsin S =onL-ol 

so produces the focusing actuator driving 
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(macing she fccusing error. 
=uu 35 generates the driv- 
notor 6 in response to the 
item controller 22. thereby 
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third «ereci% e ^ B iSKi h <T d * the 
The linear motor control ci 
«ng current to the linear 
control signal from the 
fl-. moving the second optical head sYn"-^''" 
V rim direction of the oE dl2 1 ^" ^1 0 '" ° UtCr 
circuit 17e«racis a< Xl . ■ Spwdlc coat '°l 

fon sig^ iidV-fc, c ° m P°"«= |>om the infor=a- 
rou*S* o"5Xl™ ,S , s P« d, ^o«or 18. thereby 

The signal pr^^^^ *f <*= 
««« such u/Taodula.ion de^"-^ S !f a , P ro - 

generates to/he outside « ^ P CUlg mode Md 
like. On th JSkrK W V,C -"° Si5naiS ° r ,hc 
«e=ut« siZai pr=^« ' » rP'*«*u>g circuit 19 
the I*= to th- "a.trftJ , „~ * "^^S- modulation. 

cording^od^d 5 "^ * re- 
20 as a /=ordin S si^-^r :i ^ !hc LD . dnv »8 circuit 
the seind optica J V -e-Jr^"" 38 2 iS ' 0adcd - 
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r oct 

•ignais ;o the firs; to 
and 21 sc is to select the 
_ ai head sice. Therefore, the 
^u-s: optica] hesd 3 is selected 
} r '' -nvmg current which is 



_ - -u^; oie sec 

On the other aa.-.d. Li the case whs-yh, 

discrimination hcie 7 s 7^T^=t ,he 

«n't detect the tranjm^ .Ti^?" 9 dC " 

tea controller 22 cV-— ~V,V ' P 11 '" 0 "- th <= sys- 
tridge 2 is the fo-:!;T-T"r eS / a: . Chc = :s = » car- 
controller 22 4 c- K° Ft ' Cai Tnus - th = 

fifth selectors *a M ^ ^ " 

tenamaJs A on the fi rs - 0= 
semiconductor laser oft " 
as an output destination 

supplied from the LD/Urivins drcui- '0 TJ.'"~r" 
detector of the fi rs: 0p / =3 , fcea 5 3 TseV-1 !^ n P . hct0 
desttzation of th- -^A-- „~ .— ' 34 10 "'P 1 " 
control circuit 13. sS^^ ^^} 1 - tong 
precising circui- S't'-^I J *' «5=ai 

head 3 is selectee Xan -.'t^'T' 0 ' "'■^ flfst °P ticai 
tor driving si;-, JX- Z c=stI ™'=- of the acrua- 

selected as an o/-m" r ' s firs: <=°:°r 4 is 

of the lin^X:: ° f ^v»g current 
first opticaJ tZ^' 3 i~,"X r V 1 " rst "°-e. the 

lights froc/thfc^ I!;! d . L rj:jf reflected 

That ts/the sigr.aJ i s , '= s ? cc -- v = cu-cuta 

circui/n «d si^-i' -.^V" t0 £h: s ^"- d! = «ntrol 
Ft is/supplied to'iV- V^ft^" 11 I9 - The signal 
sic-.-/ t ■ ■ •• --^--s cantro c^c-^it 13 T-— 

c-ouit 11. Tne sucsecu-nt c 
thrfse a the case of sec 
a'tfove. 



;»5 error de:cc:Lng 
^rations are sircar to 
= r.c optica] disc rationed 




. wiiwoiie; 

m otor 6 r thereby fc 0v ; r 



5 the secend opticaJ ; lead 5 tQ 





the outside of th/disc sunae- , r r u 
\0 «? Ms. it is poZ e [0 " sh ° w " » FIG. 2. Due 

^ the second oirfical head 5 lv -1 ^ ob J ec:iv « 'as of 
1 due to a s£face oSiriS '" des * « optical disc 

Aa described abav^ * •• 

by providing thc first opSSf eajbod ™«t. 
head 5 having converg^SnS 3 and optical 
>ng to the thiefcness^of^/;;? 5 ^"" 63 ^- 
«d second optica] dis« ,h- ° f the r ™ 

recorded, reproduced u'or l^t^ * pr = ferab, y 
suitable for the thicka— J^}? ° PUCaJ h « d 
over, by providing tt- diJ^ 3 ^ iubstr »«=- More- 
the cartridge 2 and ± = d ^S° CB hoIe 7 f °n==d on 
Pnsing the LED S to de-eT- f^^^^S com- 
discrimination ao/e 7 M j *~:°E^ c i 05Ure of th = 
loading the canrids- "<Lw"u ^ 9 ' ffi " d y b y 
automatic^ accu^e^^^ ° pt5CaJ hcadsc « be 

FIG. 5 shows a constrocriVtUi dia~,~, „f 
due apparatus according to th^-n% t ™ 0pRcaJ 
■ the inveadon. r n th= « ^^"d ejnbodu=ent of 

differs from the foresoifg^e^- 

spec: to a point that at o^-aTiS^f" 

» P'ace of the first an' T? d 30 ,s banged 

a point that the^c^d ^ 3 Md 5 " d 

dnvmg current which is ^ «c:uacor 

control circuit n ard rh- r r0= the Peking 

current which i, " J 005 ""* 3C:ua£or driving 

circuit 13 ar^diT^u-!?- * 3= Wnt ^ 

hnear motor control circuit g -f- ated froa the 

first linear motor 4. ~" K ' Jy sy ?P"=d to thc 

Se^s ^i d J ! ^^ t s , ^ ,,c ? n • , d -- 

««t of the invendoo. ^ d^T"* C=b0di - 
»«al 1 denotes the firs- or -f, \ r . e: "«« nu- 

se=iconduc:or Iase- u a H-^" P ^ ° ,SC; 32 a rir5t 

conductor lase- 3 -J , ~.r~r ' iCr= :he :irs t semj- 
"Piitter :o d^deVb^/^ ^ 34 ^ 
mirror to chang- ihl ° 35 a 

objective lens toc^- ™ 21 ^ ^ 36 - f«t 
di« 1; 37 a first de£.£l" l".!, °= :o optical 

hghts which have :° K f ir ^ ch = 

«d 38 a first phctoX-~ D - 7 ^.^ ^ *PW«cr 34; 
-production fcib^^ 

error sigrui fron r>-- . ' a track- 

The above cWpo„e°J 3' "=" er - B " lights, 
verging optica] s^stc" 3l" ^"^^ a flrst 

ChefiYoSec^S^ald 0 " 5 * ^ fc0,d - t0 h °' d 
which Wb. 5 S e t°^ '«» * 

*Q denotes in ac-mr^r . v i=ce numeral 

rne drM„ g ^ ^ ic - ^ 39. 

control cL-cuit 11 and " ±: tracking 

actuator 40. =on:r - i «=aii 13 : 0 the 

Reference nucerai 4"> r-'. 

tor laser as a light »u~~ « ! * ^^^uc- 
«o convert a lasl- .L^L 60 ^* »«» 

l«er 4: into a parallel lS. tT ^conductor 
- divide the beUt^'^^^'P?"..- 
* change the direction of aarrcr 

objective lens to copve-sr- -k. \r thc Scco "d 

d«c 1; 47 3 second ^^"7.^ =n:3 tb: 
fleeted , ights which hav;'^ "- v t: C b: = :f ^ r =" 
beam splirter 44; and 4S a second * CCOnd 
obtain th- iniV.^-,.- second p-cto Octector to 

error .i^^^n^L^ 8 ■° n ^1 
ana ticking --or s.gr.sj f rca tk . _ on * 



C 

m 



above fine coot^S 3?'« «*• ^ 

eonvergmg optical system 41 and ' ih SCC °" d 
mounted on a sane base L,L^? u" 0 '-"" 01 " 40 are 
struct the tfw optical^ h^a? 30 Ojot shewn) w j con . 
. ordinarily made of 'aluairm^ , bMe me=ber » 

to the first linear Lc.o™ ^ 11X5 15 

d«i*ncd so that, for ^i^-O^^' 6 -"- 5 45:5 
*» by the disc substrate oU t^ 

TTie operation of the ooticaJ «w decree, 
embodiment construe—' ! »PP«tuj of the 

«* described he j" s, « n «» ^ D0W 
optica] disc wUI ^.,1?^ ^ °' ~ C $eco,sd 
loaded ir.ro the optica] c^ i- ""^ ^=^^5= 2 is 
tnent. the LED ! S .t r of the eabodi- 

which passes thm^T^l^'™^***" 
trans= : ssion ii.i,, 1. • i"- ' nau cn hcis 7. If tne 

: =1 'aser 42 and the se-oJ? ,1 ^ d *=="«nduc:or 

laser 42 is co "v e "ed ir-« -h ^f 0 ^ *= ; ~^c:or 
M' onto the ««S oSS?*7S 2 be * ai, . SCnVBr * ed 

*3 objective < MS 4fa d is ^a'^Vr". iy ~=" d 

q ^ «he second beam sp i: ~ if'^ ?° 

for 45 and is cenve^-i , U ' 1 " 3L 5 ;1 :h = s ="nd rcjr- 

« by the s4" d^; : ? e ?;,r 3nd Fhow d — 

linn <■ Se= ? Rd Ph ° t0 de: "" : ='- « prodlic- tf- 

finely ZZ °h Te-?hcM =Cr ?o ^ !cr « 

fusing direct C b - t^JL"^ ""J** «* 
Peking control circuit 11 anrf * " "! s ^ ths 
circuit 13. th=-bv ao-.,-\ ^us^ =SRtrcl 

beam onto „ ^ ? "S ? h f. !a --' 

^3t^~^^cS 

^ster. controller 2 f are s^ii^. 2I ' «T d 
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38 operative. The operation of ih. r 

the first optica! Sc £ ^^XT* ° n, ° /fr0,n 
optical system 31 Meeuted bv 'he first converging 

-«i t?SS?S v S. a S2 iB b s y ;° h th ; ^ 

since the first conve-t" * flrSt e =^™=nt. 

from the second embodiment wi* r^~rn 

that a fourth optical head 50 is ^IpV-uJo^T 

third opt.caJ head 30 and a pokr t'-aT-hVp^." ■ 

and the fifth selector 21 iHSS Taa^ ITT 10 

detection signal which is seneS »• Photo 

optical head SO is di,«t!y" u^rfU £ ^fT* 

tro circuit n, focasin :ont P 0 P , c lJ° c 13 5-1^^ " 

jrol ctrcuit 17. and ^ proce^i c^"S "l" 

driving current which is generate fr4 th^n J'- 

ejeuu 20 is directly „ p / lied to tL^h^^c! 

Further, FIG. 8 shows a defied const-—™,! *■ 

msnt of the invention. In the dia Z r ac , p'.l? 00 * 1 ' 
nieral 1 denotes the first or seco c'oc^dlsc « IT 
first semiconductor laser as a lis- st".',, 32 ^ 

second embodiment of !h- inve-'-nrT- ? " ■ 
lens 3« is betw^^^ m^T < 

optical disc 1. The second 7 Zbj^£Z'% W ° 

(v-.u,, „ t- • uoje_.. . e lens 44 ^ arrar.e-'J 

ee-ween the first oeam spline 34 Md £h . ff*— 

Moreover, as mentioned in the for--4 2 ° 

corre..ed in correspondence to th- Ft o— -,i ^T" 
hav^g the disc substrate of the" WctS d? r?.?* 
™»a of the second objective 

reeled tu correspondence to the second Br ^ ? 
having ^ disc subs£rate Qf ^ £ ^ * cp «I * s= 

numeral 51 denotes a firs: shurter ^J^?^---."^! 
first objeeave lens 3« and the first mL-rorl- i]-* « S 
optics! path which passes thro u ~~t-- £ ■ 

lens 3*. Rcfcrcr.ee aurscrai 52 dc— ^ a <l ^c=-v c 

wUch I is arranged between the s^ccdo^ 
«ad the first beam splitter 34 acd on th'- c-'Jd lX 
which pa«« through the second objec vefe M 
first and second shutters 5I and 52 co-. or c'ole^l" 
opticaj paths by control signals 

trailers 22. respectively. Reference numeral 37 -~ ot ~ 5 
which have b« a divided by the beam spline- 34 R-t 

obSnT^r 3 * dea0teS thc fat > hot ° d^cfoV'o' 
obtain the mfonnat.cn reproduction signal, fccwir- 
error Slg3 al. and tracking error sier.ai ,V C r= Z^'* 
Vcr S-d reflected light. ~ "~ C ~ p - 

Among the foregoing component e-eme-.u 1-,- 
object ,ens 3« consu-^finc cenver^S 



system mentioned in / e sc- „„* • _,. I 
invention together wife ,k» r e=sod "i>e/t of the 
nH U V Che fin, coiiiJatE^^ 1 «*ond^ tor 
05/ «d the firs, mirro/35 l* er " tb f»/*pli"er*. 
W VJ constructs the si&nd co nv * r * ob J==/ v e leas «S 
I . >» gether with thefe scSco„^ S °f Jic f ^stea to- 
^ "bating ie/33, ht^s £f ° f first 
first aiirror ? vtehuclo^ ^'"T ^ 
""verging XcicaJ sv ' st ^ ^onjy ^ for tfcc 
system is Runted onto a com^ c ° r / ,eT S^>S opricaj 
t°g«her/, h , h= fcj Md '?™" n (»oi shown) 

the leaj^oide- 39 £, d ,/ ounh °P t:c £ head 50. Since 
constr£ :ion „ the* t t SZ/ 0 ** ~^ 
eabodinent th- ? ? ? CiU 3cad in the 

Thofeunh optical bead V^S?" "^"ed here. 

=</or 4. ° 50 J "tK.-.sd to the first linear 

«bodi ra S, a S t , l ^'^ve'S;^ * Use 

described heresr.«!ow £ d %7= ae . n be 
tected in a tnanne- ^ CI c P a «l disc is de- • 

to control*™ V-^? - h= 2bOVS - svs- ' 

—ridge 2 is the" * thC 

|«=r af = s controi signal, r?^^ " 2 == nt ™"=.' 22 
« and !2 of the fcunfop" ^ ^ £? Cd ?»"« 
trol s.gnajs ,„„„,. ., ^ - a " d -0- V. .-.en the con- : 

the second shutte-' 5^ ^ ,L " S u . Ksr « » dosed and 
^^^-edVromtK:!^!?- ,he 
« convened i nto the parai"-: - CtCr laser 32 

«g 33 and is d-vid-' • f" 3y the : - s: celluMt- 
rented li^/ by Vh"" srMS ="'"'"<« light and 
^-issicn ligg;-:,^ J- -=Jf»-r 3-*. The 
the first mirror 3* Co- v - Snx: '- :i7 51 v '* 

%ht passes through ?:^:--" C '-' 0niv * s "fleeted 
verged onto the o^c^M ^ 52 «* b con- 

'«* 4*. The Jig hc re:ie~ «« *=«d objective . 
converted ^ to \ hj .^i:.^ =P«caI disc 1 « again 

« and passes «f*»d ofeve 

.reflected and separated CpS^ 5Ca ".f- « »d is 
« converged onto 0j s r«- ' ^ S P"" S " 34 
detecting lens 37. The ^ - -' • '"- ^ ! " : 0 '" 33 ^ first . 

Je foc^g error signar;^^^:^ ^ 
tn=ccnv-.- 2 ,-~ . .. c *~g -rrors;?naJ from 

themfc^al^^^j^^^- re ? rodS 
a« executed unttf shs !" «ov S operation* 

Sine; the op-- a -. r - .7 '■ s - 2 U uaj o«lsd. 
Jng controi cfe^' fo • ^ :SnC !in «-- «tor 4, track- 

those in the optical V--? CO;!t -'= Ij " 2= are the sarae « 

On the ether ^."C 5 *" C ~ Jt:cd ^s-*- 

that the c^T; i: h * J >- J «= «ntroUe.- 22 deter- 
opticai di«. the "I ? =^ d3: 2 is ^= first 

•»"«er «: is cioscii ; ^: a 5 j,' S °^ ;: e= M<i :he second 
light and the7e:>- C Z- If £ == ^-.smis- 
=er 34, the re:le-r-- , Zr*r ' 3 h{ °- v the first t^a^ sp i i£ . 

first shutter 51 ar-d •< ~,r~'. \ * ?3SSCS "-=«h the 
by ^e first cbjectU 1^^°^ 1 
«ecu,ed in a fflKae . sirm^'-,T k ° are 
^nd optical disc l ° lhOM m thc c«e of the 

='••». in addition tc he'^'^'t^ «^i- 
=ent. sL.ce the fir Jt acd '^cd / nd : -- r - i ^«- 



and photo detector in eaeh^r tf, 

of the optica] head can be rSucS T? T We ' ght 
thac a driving force of J? r " UCcd - Therefore, assuming 

rioi>. 9A and 9B show a 

in the fourth nlXx-TorL^^ a PP««« 
since the opricj ld£? T "T* ^ RG - 9A ' 



first coiliinacijig Iczs 33 
objective i cas ^ fmt det 

aetecrorMareconstrac 



splitter 34, second 



beaa' 

~ detector 35 are camt-c-Jf^* / ' Md fot P hot ° 

; ^^0^0^ 

-:*VL>Pv 0qs ^ omitted hrr,- A r / ' ^ cir dc ^np- 



O 



wave front conl/'J fj 0 ^* 15 attachc * ** a 
which «*] „, . t XT£, ' e -f . V JCi:sd 10 8 siid =-- 55, 

objective leos^a^heE «• of *e second 
wave front co/ecting ^ ; "PP 0 ™ tbe 

transverse in/he Sit . ./* Md ls arranged so as to 
light fl „ fcXt ' tT- Sf ^''^ » the 

front cortferfng Je^ 54 3> Z* 01 ^ th = *«v e 

Moreovriuch i " SaCh 3 P'«* 

(showX Pj ^ t£°$^Z b »™» * Potion 
eorree/ng lens 54 is p-fi-^ d *"V^ tic W . avc fro "t 
fl« o/a position (s&ll'p.^™ °' the "S^t 
the qfeticaJ „f ,L i- - : m lfc= dla sracs) wfae— 

caj & of ^!^dV- c=r """^ wi-Ji the opt';: 

Se ~ ad 05J«nv- Ieas 4* rne abov e . m „. 



ooftcd coepenent e.'etri-.-.-j 



are attached to a base (not 



leas 2 and th = ^ f "» 

of the op,feu a^s. fa 5^^^ ^ dJ « !i « 

^Ste«X ; S. 1M *«ve front 
that a systher-c octicaJ ^V-T ^ * 3 ^"^sr such 
tive lens 46 istde-S e™ h lic *«= nd °°J==- 

correct the abe-ra-cn h» ,vf^- d;s, ^ ea » as to 
optical disc. In ^1 ' h = «"»~«« of the firs: 
objective leas 4?- M - s ! ^ hC3d 53 " ti = 

laser 32, firrt col iL" a T « C fi " : ^"oductor 
« and ca, J* S^Si^S'^.C™ ^ «P«i«er 
first converziaa odpcJ «v!" u y scaav ^' the 

front ccrrecfins 5 ,^ J > tcc = L^L" idiag W3V = 
coJ systea. -o the second converge 0pti . 

tJta Se^ci-f " w C!i0n .° f 12:1 °P t; ^ d ^ »PC«a- 
ti« of th rtddt? " JUbs ^^X the s4= as 

=eoe sfaouc [; n G ^ P^^f °/ thi ^ «oodi. 

b onoined here a «t:oned above, its descripiion 

founh eib^^ ^T^ diSC W« - the 
now be desc-be^ h— Li aDOVe ^^strjenon -atJI 
fifth optica- ^s^r^fer ^ re3 .^ ! 10 °^ the 

» 'he second ^ d £ S^^'r', 8 ? 2 
control sis ^ ^ th= = ^ th ; ^1 e: 22 generatM , 

» "Ppned. the slider 55 aoves^he" av! --°, n::31 ^ 
«g ler S « to the position P, T^e 7«-" T COn ^ 
from the first se^cond.ctoHase 



verted into ^7^%^^ 1 * '«*• «- 
»ens 4«. The parcel \\ iJh « „ * Second objective 
3 P H»c, 34 anS b^^^*™** *? «■« beam 

detcctor 38 generates a ohmf J • TflC f,I3t P h °to 
■ simiiar * ^ aSvV^^" 0 " "t»J in , OM . 

wave front correct* r.g JenTS JJ throu * i ' the 

le=s « „d is conv e -V^™n • r" objective 
the optica] disc r wiM'u": .Tk. mfon=ation track on 

"tions s^ar lo^rir^i^? d hC 

disc arc executed second optical 

*»« the wave front c£ ZZ£ 
aberration — r-e-in, • l g , ^ ^rvtng ^ „ 

W « =>ov.bV«»ng^ 'X~" heid ^ thi S,id =-- " an" 

f=: driving fore- D f -h- ,,-.„ " 3 - f n, - s ' a burcen to the 

"L 1 electric po^ «™ "SS^" ^ reducel « d a low 

-f Theop^caJh^d^r'herof 3C=CG P !i ^d. 

a ^ond objective fea « " e ? 00dime --« has the 

disc having :hc di« S u^--! "^^^ t0 Ehe optical 
further. corre~ s •£ °' th; ""^«s dj and. 

?« *» d ~ S«te^S°^ f 7^ r hav - 

= :! fr0nt .Meeting lens 54. H e ™ "'J' b / * e wav = 

! IJ struction car. be aJso u ~rf . 0 PPO«t= con- 

ni bra"con s r=:£nTuc^= «*« « 

tive lens J6 ccrr-scon-"-, ,„ u S firsj 00 J e =- 

or.d objective fc£ « ^1' ,B pla ~ of th = 

which has be-- d"eri-n" *' aVe frCnt ccr ™=ang , eas 
due to the STsJoS,^.!! X^™"*' ai —acion 
d Although the ^^- ^J^r^ 
Ss^f -Pe=: to the <^?%Z 7^ 
*-ncs or :hjckn esses of r>-. h;^ i. ^ = tx 'c 

c« be also aprSo thV e « S ? b ." ra,5S - tbe «v sation . 
thicicnesses oVST 0r C °'' e ^ 
number of optical -i e ~ e -« SUCn * CaSe ' ths 

th= like is incre^d ir";^ " h ^ ^ 

to the discriieirT^- , ? s «>»"-=»«. With respect 

-r = ^^;;r r ;--^^o P ^ 

-oich a,e C foS ^trca^^- 1 ^'"^" ^ 
foraiir.g n disc--^;r,»;n, : • *r Fcr "aapi-, bv 
be discrSinT^ " S n °' eS - 2 " ^ cf optici disc's 

on the carW '* th r i 1 ? 7 ?*™™ hele 7 forced 
have beeTuTcd'as"^ di^ ■ the ?h ° J0 d; '^e ? 

hole or a meshS^Citc^ di *™™™ 

^^or^Sr^n d!SCS -"^^/the 
< or -a-.p.e, m :n= case OI th . = onvc ! ging 



■2 



\ y 
ill 



from an Iptic^d K aTjck ? ° bUin<:d 
iphcrica] aberration of th ^ SUbstralc due to a 

qucntJy. two opS dta L^ff" ^ t C ° n ~- 
«n be discriaLted b^S. i th,ckness « 
s«ce of the tracking JoSS P L BenC8 0r ab " 
i* ^ except c.Tcc: «Jh .hi * SUCh ' ther = 
^ there is no S to^t^^ 
« LED and photo diode «d 2- £ e * SUch 
The optica] head in each of the Jbovc^^-'^ QBf! 
caJ disc .pparatascs has been cor^-ucL C P 
Dona] optical sy S!e - »,.-,«, ,1 ^f- 5 "^-^ =>>• a conven- 

«plained be-einJa^r ^:.T ^^"^ which ^ «* 
onto a thia file waveguide ° P Sy " esn 

^d of t he o;^™h;z%T£z?.3£ i 

disc apparatus i^he «=o„d^- *" ^ 0pti "' 
tion shown in FIG S ~^?.T, • u"' 0r ^ 
« used. its descrplionTs^f- rV- U! 'l° Pt,C3 ' h " d 60 
bead 60 shown & F^^fe" £ 

optical disc as d,« d^ff^ J .. 1 ,f eao, 5 s th = «« 
men*. Reference n^Xn / feregamg ssbcdi- 
track forced on ^MfSj^ °£r " "^^n 

Since 
base w 

b< wed as these ""'^ ^ 

and the drawing, are/otirted heVe. Re^rT,^^"" 

^ide fenaed cr t< 
a or Che lixe; 63 a firs 



— s .^.ouior anc/a cracking ac^-cr ar- ™„ 
^ the su:h o D t:ci/he^ ^ f , VT • " COn * 
, f u.^ - * u fy acaa 60 together with rh — • 
: ti*e recusing actda/er tr»cfc ; -- \r — " 
whirH 77 * U ~ C1C ^5 actuator, and nead 



- — U.JJ 4 

62 denotes an 0 pti 
strate 51 by Ti dirt 
ductor laser couple 
waveguide 62; ant 
on an optical pat, 1 
been eniit:ed from 
entered the Optical 
nel lens fcrtsed by 
used as a Jens 64 
converging gratis 
cf the paraiiei w 
the waveguide L 
waveguide 62 ar 



:g^ide fenaed en the sub- 
:be lixe; 63 a firs: ser-iccn- 
:o an edge surface of th- optical 
a firs: waveguide lens arrarg-d 
the waveguide iigh: which has 
fe lirst semiconductor laser 6o and 
avegu:de 61. For instance, a Fr-s" 
^cctrcn bcoa lithogrash v caa* be 
'.-rence aumeraJ 65 denotes a Cirzt 
-upler .onaed cn the cpricai path 
=y-idc bghc. The coupitr 65 ~: t3 
^ a position out of the oot^aj 

like. RcfercSIfcw ^ ^ dra ^S ^ 

«d Che fin, c| n ^r r . 3 ^ ^ 

rates the waveMds light which has bc-n 
the opecal waL'guide 62 throu s h^h=lrs c~--^- ^ 
graung couple! /65 «f Ee . it h.AJ." . «' ^'.''.e-png 
optica] disc 
waveguide 



Optical path o 
been separate 



ir^"" 3 "- 3 -^^^ 67 denotes a il — 
^.coMersing lens which is arrant on ^ 
cj/the return w,^.,.^. ,:-u.*"T. 0 . n Ehc 
i/by the 



Sight w; 



tum waveguide „ gm w- ch has 
firs: beac: splitter 66 and con- 



u SS™|^ psss: 

Lli* ht :Z S t±?> " d return 



waves 
wav^ 




optic,] wav gu a '°- ;/ dSe ° f ^ 

separates the wafer^l,^ ^ ? * " d 
into the ooticalZrC • ^ ch ^ bcea r «um«i 
ve*Bin» ^'^A 3 ^-'" « through the second coa- 

me optical dKv. 1. R=: ce numeral 73 denotes a se~' 
ide conver r :.-g lens which is arranged on 
ath of tae r=:Jrr. waveguide light which has . 
atea ay the second beam splitter 72 and con- 
J C:U ™ r VS ^ ; -* h '* ht - R-'s-'encs numeral 
s Tfr.-,t eC0 ? ?n ° t0 di: "'- or w Q''ch is couoied to 

Atu^ wa' 1?; r :ai ' Aav=s,jids 62 ^ d d =^ 

^m**?J™ «=™~*"S .-ting 

s *^ r u i^; - 'i oc ^ and che " 0 

The ;f 01 thS ~ ick=sss d! c » «« corrected 

ness a 2 C3n be corrected. 

Md ^veguide tv T e device can be use*" the £ 
waveguide 62 or the ILke. Pt ' Cai 

m !t^ ,ion ° fth = he^d in the fifth eabodi- 

"er=LSw hC ^ now be dccKd 

If the optica] disc 1 i s the firs: cctical c'sc th- d-ivin- 

^ o"f S o^cT w / v j!^ 

out of the optical waveguide 52 and conv™ 0 „ ''* ht 
"Ration track 200 on the first o"^"di - 1 ^ 
reflected l.ght from the disc surAc/agl Ste-, fc! 
optical waveguide 62 through she first convc-^lT C 

L * ht * s °PP° slte d,rc = :; =n- Further, the return 





<*• "He lens 67 co^ cr g« t J' T r ^ SpK " er 

onto the fet photo dc fcTo « ^ m r WaVe ,? U,de Ught 
tor 68 detects the info™,, - 71,6 flrst P hoto 
nais such as ft^^c5S■ , S" 8n l » , ? d ^ ^ 
and the «fce which h,v7£™ r^rf * S 
caJ disc 1 on the basic «r f«»'«?e«« on the first opti- 

dbtn-butionoft )z\:i? v ™Ty wd 7 

to the outside. By noduJaX^? ^- ^ Md 

is supplied to the rW - g J dr<VlE5 carre3t which 

beac, thereby rocordinl « * CO<3li - ated '**r 

si^al octo/rroJ^Sf o^c^sc ^ inf ° raati0 " 

ond ^conductor Iase- 69 - by ^ se= " 

»«and ccnve-Ra* ™if , * av =Su<de less 70, 

*=ond photo^ec*/* CCnvef 5 u '« 73. and 

above, by provicico- th. r c=10OQ - r2 -" as me.itiCRed 
pier 65 wfcc™T£r-5 ,f onv ^S gating cou- 
™*c°rr«£Z£-o#c%£ waveguide 62 

the first 0 pS I disc «d * : ^ °L lbC diSC Sufastra£ = of 
coupler 71 w^tfor^ COnv =^S gratmg 

**d corresponds' o the^ ti ^ Wave S^<= «I 

•he Second^^c a d«l?d on^rT ° f 
md 71 can tv- ,w , ^ 00 = of *e couplers 65 

the kind rfdte » SlS^ ^ ta with 
spot can be co^i:.^ L':lf°T atlCQ 01 converged 
Of the disc . U bT«« ^ d ^'S« 
recorded, reprod--- „, fw ^ ^ ? r = ; =--abiy 
optica] wav/i?; d::,-l r hl^- ? 0r " Ve - the 
ing couplers ?s ^ *t S £. 7J * • T'^ 5 grac 

meat, theisve-icic- -,„V. , " C,:n ==bodi- 

the number of coom" ! ^!,~ l" S ' J=n 3 

* «~^e C ^r^! 

°-?£r^ 

d««d or record^ rL ^^^-^^-^'?™- 
such that the rep^ductl' n " " " C:iJ::,£ <:Te =' 
«n be doubled 8 rc=or ^"S «r*=s.'er speed 

con7Sc"cn o'fS'SS STf^ ^'^^ • 

«c- according .oth^.h^SS,?^.^."^ 

Con. WGI — 2t o* mven- 

81 and 3 w^? • = «f ?t 3 : ' Wd ^ s ?'''»=-- 



80 is constructed ir fo£ * ^ °P ticaJ 

*e second ^nSi^'S'S^P^-of 

waveguide lens 7n m ff, • J d the *=cond 

FIG. *u. the i d £2? ° P » Cai hC3d M Sh0Wn » 

^splitter «. In £ ^ '« «- the 

the third beam mlitte- 81 CSJ,ds '.'S ht3 d' v ided by 

b lhc?r^^? t t e T e ^ d -!, ,tor 82 * 
the direction difTe-M. fr u wave S^d= divided in 

to a position where the w^- ^ , =5 f 70r 82 b 
waveguide ourror 82 1 wf * 

spinier 72. P "trough tc- second beam 

w.veguide (ens M and is divid^ n ,o - * ' f ™ 
light and the re*e~ J Lzlu' trMscli »'°n 

81- Tie transrr.^0- H,' f Y " d ^ s P !it: « 
Vr ..~ • ans '" ,ss <o= ligr.t is transferred :o -he rir^r- „ 
v =-s-ug grating courier 65 !«,-„.,„:. 



subsequent operations ^7.^,^ SF ' ,Ker 7 ~ ^= 
to these of the six-h onX,?!' « ° 3 =anner 
—e of the inventfon.' 60 » * s ** e=bcdi- 



third b^^S^^d- 10 tW °^ hU by *• 
converges "„^ d « u ' dln 8 10 respective 

^las^ ^«--~ 

disc »ub«£S ? o tl^T^ of of the 

thicknesses o>^e drs- V"bs-. a t0 "l" ° f ^ <* 

is equal to N : ( t.T' 850 °' thl disc «"b«rai-s 
cooler. J* "!? N «"^S»« 
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™« accord^ «o tv tS V-V*** ^ 
vention. FIG. 14 is a So!k J" e ~°? ais ? e: " =' in- 
"on of the optLauV^ppSur "°^ S 3 





conductor lS « £ d Wave ? uid = «• fi ™ 

duauOy ideattcaTto S?^^ T " " 
seventh optical -head 80 Ih« COtn P£ Dent elements in the 
description Z:^t h 7° m /l C U ' th " d =^ 
deaotes an SAW fcur-arJ Rc *erenc= numeral 91 

arranged on the opS wav^eV^ " an * 3UMr 
acoustic wave gea „,!S ^ t 2 *° 8 surfa « 
=ro^th=opriJ pat bo1th y ^ SAW "««d«ccr 

51 is constructed by". er^^rS^^."?" 
» piezoelectric transduce- of 7, A ^Pnsing 
aumeral 92 indicia tr£ r ° r ^ Rcfc --"« 
by the SAW tra^uc^i «V?v ^ 
ing coupler fcra-d ™ ^ d ^"S^g g«t- 

guide hg'ht wSSt.^tdSr^Lff 5 ° f - Uje W3VS - 
acoustic wave 9-. „ d 7!! dUTrac *d by sum a surface 

likewise for^V- M tl *°* ""P 1 " which is 

couple 9«I,d 97 ea£ S^." of " £fc = 
out of the optical w.vegufcVS' w t0 3 

optical disc 1 R.-. *f 62 ™ d converges onto the 

bey sp<i~r wfa^P^r? * fe«nh 

turned into V- a-tV,i U !fte wave Su:d= U g h : rs . 
or four" L: r a r! S ' J!de « *e third 

tie rewrn light ar.d 95 iX^ "' 7c." ^ d Merges 
which is coucied -o tC ^ thlrd pnoto detector 

guide 62 ^i^« a ? f * e °P^ — 

<*£d waveguide co^^ff * ' 

or the^iJte ^ t tTof !h w'"^ L " e « s "« ! C ^ i: " 
guide and ^"f^ 0 "? W™-' 

above Utera^u- cl^hl 7^ ^ in the 

TV- ~77 ' ca :' also obv, olJS |v used 

bJi==^^ o ^: t a t c v optica, h - d * tk = — - 

scribed hereuTbctew'* ' C °™™^ now be de- 

fro» on^gltS^f th ^ ^ 3 ^ 
laser b^ pr^a-a « ° ? e ° pt ' CaJ ^guide 62. Trie 
r»'de H-h f * wavegwde light. Tie wav- 

!*» spiiSer 93 .tS^nr^^^^^^'^- 
surface acoustic wave' ZV-'J?^^ ths 
transducer 91. At ^ frotn the SAW 

tie paraile" w a v f ^ hT- • - s P ro P a g 3t ^S direcrloa cf 

dan« wr. h a ? r r/. -ll'!,;:. th,s ^ e «^S« in accor. 

transduce- 9if- 0 ^"u 7" " e 3p P I,ed to ci =e SAW 

gesl-s:" to" 0 ' ^ h ''3"---.—y rreque.^; vc, . 
o^efrecuc^r;^^ 



Pl«=r *?. r„c third cS,v c 7^ a C ^ Verg,n2 « ratin 8 eou- 
tnca the parallel wa^S^S coup, cr * «. 
optica] waveguide <P J.Z 'i S l ° 3 n P° a out °<"tbe 
Hon track 200 on the S OQt ° tbc i^ 0 ™- 

wave^ic-efiithro^hT^H 8 ^," 1 " 
propagate, as a re{u ?J i^^/"""* « u P<er 9fi and 
direction Tne nrnJV wav «? ,J,d = i«ght in the opposite 
light is cbangj b 0 v 8 T U,g ^ SCJi ° n ° f thc *«S 
•fter that, Z**Z Tt* ,C0UStic Wave 92 « d ! 
tioD of the ^Tu a teSd Sht B renCC: ~ * < he d «=- 

d«=:or 95. The ?hLd „ho^ J 8 £ ° ' hc thifd P ho <° 
information sir-tal £ S d =t=:cr 95 detect the 
error v^™^'??"^ 0 »p* '«=& * fecusbg 
have been recorirf 0 nT " " d Uke w ^ 
«»* of a, inteS ^ d a^^ ?«. 1 °° the 
return light and a--~«L" "V'" 5 "-' dutnounor. of the 

conductor*^ Su ^ d J° the fir* sersf- 

•PpHe- to the SAW TinrfSt: °' ft is 

hereby aJlowing th . .JSS"^' 91 frcn t hs outside, 
the fourth canve-r-n- *™ P 3 " =S ,-' C = ''S ht » eater 
<»=« oper»«ion, e ^ n *S3 "" P -^" ^ 
those „ the case of th, Hrst optFcaf dTsf ^ «° 

The pesicica of the s.bs'rate fif ?,! *• " ^ Sh ° Wn) - 
--o „• ^ "-roiled by 

irradiated or.:o th- ir'--,-w ' , 15 ac ="rate!v 
An c = ticai °i sc ' ^ , T £rack 200 on lh ' d *c' 
head 90- «^d 0 £^^^^^ ,, Z'* Shik 
reference tc FIG 14 ' with 

tro! circuit 17. s^d ! ^^"V' Spind!; =°"" 
cui-t 19. LD driving Processing cir- 

we the sac-.e as that- Z .1 , S> ' St= ~- c °r.t.-clle.- 22 

tWrd e^irr.^-^?^ ap - Cara: -- - 'he 

" «,s^c:ed bv w il!S' : ^P^head which 

erence auoe-tT gVil" 1 "' h " d baM su:d the like. Reft 

sy«e= ccn t rci!er a"!-': * "„ COOtrCi ^S^ 11 fr °= *e 
voltaj- V, J?-.-—" " S== :r:lt « a predeJarasined 

venmg cL-sui: which -^T " .u . ° s 3 V/f 
coniunt voiu=- I;." a . tfcs . vc,u Se V/from the 

tional to V,- TV- V/r fre S ue -"=>- •' which is 3 ropor- 

input voltage V^Z^J ^"^ f ' Wh " 
«'g»I of the frecue c - f S w' V*" 
nui=e.-aj 37 demotes an < • w H ' = : ' Rsr =--"« 

high-fre q u e ncv vc^V^-t-^-f ''^'^ l ° ^ a 
frequeacv f of t-- hi-Cr " !rs: 5 t: = f «cy as the 

^e V/r conveJ;:; c^- ^vr 0 ^' SUFpiis - ^« 
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now be described hc r clt.ow COnS '™ cl '°" WOI 

^^"iSSis? Sr opticaJ dbc apparatus of 

t - * caiooauncat, the system controller 22 H*- 

^nmncs that the disc in the loaded ci 2 b tilt 

queSy volS- J"w S 87 /PP ,; = Wgh-fre~ 

duce-91 of • l fr «5 u «=. v ft to the SAW Lrans- 

dux. 91 of the e.-gnth opticaj head 90. Tn-re<bre ,wf. 

Photo detect 95 oFt^ eighth opticThS ^ 

th= trackin^roTc* 5 l?^^ « 
circuit 13. Further, the Woma" on ^-J oTJ T™' 
"PPlied to the signal proving cS'?9 -L »• " 
die control circuit 17. ^ d ihe S P U1 " 

Or. the other hand, in the case of th- f-^- „„,.■„ , J - 
the systeta controller 22 g^^L °? t:CaJ d,sc ' 

the constant vcltag- ,-V-5 a "^: Z «g««I to 

crate the voiu S sV V/' 85 « « to S«" 
converts the input vo tag= V^-toT-"^ 3 "".l 1 86 
that the SAW 'driving clrcS 87 a^feX"^ f '' f 50 
qu«=y voltage of the freauency f^o ,?-1aw*? 
ducer 91 of the eighth ooticaj hlld M ^ I- r ^ 
eighth opricai he/d 90, a * e 

£^ *"i"S couple.- K Jf£~ 

-unner S ^a, to thc^ T^V^C * * 

«ccrd o erica] disc 0£ L " r ° r =gomg 

Fu.tr.er by arranging the fourth beam .-Jit— Q7 
between the waveguide | eas 64. ar.d «~SAW Tr*, 
d"«r 91. the return Uzhis frotn tie t£ «-v~* 

spates has been sc: to two kinds of thick^-J^" t 

Plied to tares or more kinds of chickzesses j+?f P ~ 
substrates. In such a esc. the ou^^c^ri 
graong couplers is increased in acc^^^f 
numc-er cf luncs of thicknesses and the o*:c*J ** 

Ch- Jiwrsased number of such couriers 

A-n opt :ci i disc apparatus in the sishth e---odir=-, t 
of the mvearion will now be described. ^—^'^ 
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m 



«. ™ »S "ItuY 313 K howing a or 

the diagram TeScV th V'S hth =="»diment. In 
second Ipiicj J^Tth?^ 1 "I™" «™ °r 

13 the focusing contro, c^-U fslh'?" 010 '^ 
control circuit- 17 the ' * s Iu,ear Eotor 

kindle «,wn iJ ^ nE*^ 0 ' 18 

«d their detailed descrip^ nl£?£™; U 
encc numeral 90 denotes an c-ticai "-"u..v t ^ 

fore, the optica, h«S in ™* i'^A ^ 



fore, the optica! head in FIG i*/f, , S racrs - 
eighth optical h£d 90 h3-,% /° -' :::rTed E ° " M 
emanation R-fe--" • for wn^aicace of 
j^i-uiauon. *.ete.-e.-.ce nunc.-ai 100 d ~, , , - • 

C 5 Tor de: ==ting circuit which ^ ^.l!^- 



£3 ter R-fc'^VV * , =h Wii! * s *?^ herein* 

" c^s^ v -^o^--- s - 

[I add^ mcJn S^^cL de::=:il,g f Cir:;:i: I0 °' «< 

is it ;« ,t„. • ^ac^ng cor.croi circuit 102. That 

Pier. SAW transducer, and p^on' ^Til?"' 

acoustic wave his K--- r«~- " 2 surrace 

which enters the c^;;!-^'*"-- T ne — «uide light 
lated be:w e=n „Hd^« ^-'^ " 

with a microchan-- n ^ <■ : = k " iw« accordance 
acoustic w yTslrS ^"cv of the surface 

lated and > ae . 0 „v, l S > S S CCU?!ir a «•'» 

tne acTv S C e ? :d S?0t Eoves - Si =« deny- 
ing ang.e 9 caanges ui a -os; - , * 

quency of the *»-f,~ r .o trie fre- 

k«£ t SS'iirS: "T. ,^?« *• 

amount, the corve I '•••-t-.g error 

. t -o- v c s ed spot ca_- c« a c- -- _. 

tioned onto the information trick * ^ 

T"e operation of the octicai d-sc a— • L 
"Jodfaer., constructed as .hewj fa "■"^'Jf* 

n.ii ac COnt * ols ^<= con sum: v 0 u s - s - = - a ,; n , 

r '« - 5^ 

the vo Lac-s V- a-w v j IU1 ades 

, v , s ~ s y <a-.d V r£ -a.-d generates the voitac- V 
(=V : ) to the V/f convening k-=u:t S6 f- wf" ° 
verting circuit 86 changes ! ' v,!^""- 

^al in accordance with the fcp«r^." 0 ffe 
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grated when V 0 =V 2 and the frequency f,c 3 «g« 5 
proportion to the input voltage ^Therefore, thl V/f 
wnverrmg ctrcmt 86 supplies a high-frequency signal of 
?A w!? UCaCy *> l ° thc SAW ^ving circuit 87. The 
ZZZr^f* WCait " applics 8 Ugh-frequency volt- 
f re ? n «cy f, to the SAW transducer 91 of the 
eighth opucal head 90. In the eighth optical head 90 
consequently, the laser beam is emitted free the fourth 
converging grating coupler 97 and is converged with- 
out an aberration onto the information track on the 
second optical disc. At the same time, in the eighth 

T^u^ ^ Teacsted ^ h£ fr °° *e dbc de- 
tected by the third photo detector 95. A tracking —or 
signa. I u ; suppiied to the tracking error detecting ciVuic 
iw. A focusing error signal is supplied to the focusir.z 
control circuit 13 The information signal is sucplied to 
the spirdle control circuit 17 and the signal prcLsirg 

SST, e " 0r VOlta S= in accordance 

with a track delation amount of the converged soot on 
the information track 200 and suuclies to the adde- 101 
rhe adwer 101 sends the output voltage Vn=V,iv- 
U, the V/f convening circuit M as mentioned ^ve in 

s^r^" Wi,h , ths . ° Utput vo!u - ee v * the output 
signal frequency f, of the V/f converting circuit M is 
de^at^ from the frequency f 2 by a value correspond 
wg to the tracking error (assumes d/ ). As mentioned 
above wnen the frequency of the driv&g voltage o he 

the ligat from the founh converging grating couoler 97 
? " changes and the pesiden of the converged soot on th- 

H 1 changes for the track. Therefore, bv £ 

ri! tU1S a c =° v ="ing equation between V 0 and f, of the V/f 

r; j convercag circuit 8* so as to allow the converged so«t 

:=i ° n the °P [ "^di« lto approach the track, the tracking 

':| o e '"L 0r ,S The other operations are executed in 

M » manner similar :o those of the optical disc woaratuj in 

the seventh embodiment. " 

On the other hand, in the case of the first oatical C-c 
the system controller 22 controls the constant vola" a - 
generatmg circuit 85. thereby setting the outaut voitaz- 
% ,-into V, Thus, the V/f convening circuit *> g e -c-' 
*J "Sa-frequency signal of the frequencv f, to' the 
SAW driving circuit 87 and the SAW driving circ-t 87 
applies a high-frequency voltage of the free— c- 'i -o 
the SAW transducer 91 of the eighth optical head 90 
Consequently, in the eighth optical head 90. the lase- 

S^T"** rrOE AC Fating cou". 

pier 96 and is converged without an aberration onto th- 
inJormation tack 200 on the first onticai disc. A' -he 
same oae. the tracking error detecting circuit 100 
supplies -j, e :r3=Sdag err0f VQltage v „ to S th= add;r ™ 

from the u:put signal T,. The input voltage cf the V/f 
convening circuit W is set to V 0 = V, Jy- a=d the 
racking error can be eliminated ir. a manner similar to 
the case or the second optical disc. 
_ FIG. 17 is a graph showing the principle cf the track 
u>g control of the embodiment and shows the relations 
among the V 0 and f, and the deflection anz>- of th- 
wavegiade light in the eighth optical head 90. Asshow^ 
in Ac grapn. by varying the V 0 and f,by oclv a.-. a= ou ~ 
wnicn ;s proportional to the tracki-.s error'sijr.ai from 
Vi._accorau-.gly. f, u , « ntcr ^ :h . ^ c ? rJ . ; fir _. 
optical cisc or by oniy an amount which is proportional 
to be tracking error signal from V : , according!-.-. r 2 as 
a center x the case cf the second octical disc, th- osc ; l- 



